Objective: To measure key obstetric and neonatal outcomes recorded at a tertiary hospital in Zambia over a 5-year period.
| INTRODUCTION
Similar to other Sub-Saharan African countries, the health risks faced by pregnant women and newborns in Zambia are unacceptably high. A Zambian woman has a one in 37 lifetime risk of dying from complications of childbirth.
1 Despite substantial reductions over the past two decades, the national maternal mortality rate was 315 per 100 000 live births in 2013. 2 This rate is 17 times higher than that of North America.
2
Newborns in Zambia are also at high risk of morbidity and mortality. 3 Although substantial investments have been made to accelerate progress for both mothers and their offspring, 4 such efforts must rely on strong health systems that-given the ubiquity of childbirth-must extend from the largest city to the most remote region of the country.
Decentralized maternal and child health services have greatly expanded coverage; however, hospitals remain the cornerstone of pregnancy related care. High-level obstetric services, such as cesarean delivery and blood transfusion, must be available in emergency referral situations but these facilities are often overburdened and understaffed. As hospitals in Africa seek to improve the quality of their services, monitoring of clinical outcomes becomes a critical tool for evaluating health systems and assessing progress. [5] [6] [7] Nonetheless, few hospitals are currently equipped to perform such activities routinely. [8] [9] [10] Most government registers are designed for low-risk obstetrics and might not capture the nuances of clinical diagnosis and management. Medical complications are often underdiagnosed and inadequately treated, tending to be reported only when "near misses" or deaths occur. In addition, poor maternal and newborn outcomes are often recorded in separate, unlinked registers, which might present challenges for comprehensive review and quality improvement efforts.
The aim of the present study was to describe trends in key obstetric and neonatal outcomes recorded at a tertiary care facility in Zambia over a 5-year period. The present study used observational data from the Zambia Electronic Perinatal Record System (ZEPRS), which collects detailed medical information about prenatal, intrapartum, and newborn care across the Lusaka public health sector. 11 This system has been implemented across 25 health centers, including 13 with delivery facilities.
| MATERIALS AND METHODS
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The ZEPRS application employs real-time data entry at the point of care.
A unique identification number is automatically generated for all neonates on delivery and is linked with the mother's medical record. Data are uploaded on a central server and their quality regularly assessed.
The present study included women with pregnancy information recorded in ZEPRS who had delivered at UTH. This cohort was compared with a group of women who had delivered at primary care facilities in Lusaka. Demographic characteristics assessed included medical history, obstetric history, and pregnancy outcomes. At the time of enrollment, fetuses with an estimated gestational age of less than 20 weeks were dated according to the mother's last menstrual period.
For those with an estimated gestational age of at least 20 weeks, a simple algorithm was implemented that considered the last menstrual period and fundal height at clinical examination. 11 If the results obtained by these two methods were more than 3 weeks apart, gestational age was determined from fundal height alone.
Maternal outcome measures included maternal mortality, cesarean delivery, and prenatal or intrapartum hemorrhage. Adverse neonatal outcomes included stillbirth, a low 5-minute Apgar score (<7), and NICU admission. Stillbirth was defined as the delivery of a non-viable fetus at a gestational age of 28 weeks or older. This event was further subclassified as "fresh" (suggestive of intrapartum demise) or "macerated" (suggestive of prenatal demise) on the basis of degenerative skin changes on physical examination at birth. 12, 13 The data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC, USA). The data were divided into 3-month windows from the first quarter to the fourth quarter of each year. Point estimates with 95% confidence intervals were calculated for each outcome of interest. Graphical representations were generated of the observed percentages over time.
The time trend was then modeled using two separate approaches: a LOESS curve (a non-parametric method that fits simple models to localized data subsets without imposing a predefined structure) and a linear regression line (to determine the relationship between quarter and each outcome of interest). P<0.05 was considered statistically significant.
| RESULTS
The cohort flow is outlined in Figure 1 . A total of 323 115 women sought pregnancy-related care in Lusaka and had health information entered into ZEPRS during the present study period. Of these women, 232 578 (72.0%) had both prenatal and delivery information available.
The analysis cohort comprised the 62 470 deliveries that occurred at Table 1 compares the characteristics of the women who delivered at UTH with those of the women who delivered at other sites in Lusaka (n=170 108). Only marginal differences were noted across the numerous demographic and medical characteristics assessed. Although the comparisons were statistically significant-probably owing to the large sample sizes-the incremental differences did not seem to be clinically meaningful. By contrast, important differences were noted in medical history, reflecting the role of UTH as Zambia's sole tertiary care center. For example, women who delivered at UTH reported higher rates of previous stillbirth, preterm birth, and preconception hypertension than did those who delivered elsewhere. As shown in Tables 1 and 2, large between-group differences were found for both maternal and neonatal outcomes, with higher rates of maternal mortality, stillbirth, low 5-minute Apgar score, and early neonatal death recorded at UTH than at the other sites (P<0.01 for all comparisons). Figure 2 shows that only minor fluctuations in the quarterly number of deliveries and newborns were detected at UTH over the 5-year observation period. Trends in maternal outcomes are presented in Figure 3 . General declines in maternal mortality ratio, cesarean delivery, and hemorrhage during pregnancy were observed over time. Among the neonatal outcomes (Fig. 4) , a general decline was detected in NICU admissions, although the rate seemed to spike temporarily in late 2011 and early 2012 before returning to previous levels. Similar improvements in the rates of stillbirth or a low 5-minute Apgar score were not observed. Indeed, there appeared to be a general rise over time in the proportion of newborns with a 5-minute Apgar score of less than 7.
| DISCUSSION
The present study documented temporal trends in maternal and neonatal outcomes at a tertiary care hospital in an urban African setting. The data analyzed in the present study were obtained from an electronic medical record system (ZEPRS). Use of such systems has increased in Sub-Saharan Africa, across a broad range of disciplines and healthcare settings.
14 These platforms have the capacity to collect large amounts of patient-level information in a standardized way and at volumes otherwise impossible for registers or paper-based files.
Integrated into quality improvement methodologies, such routinely collected data can be used by frontline providers to identify bottlenecks, design interventions, and evaluate performance. 15 The importance of such systems might be greater in secondary or tertiary care settings than in primary care facilities. A systematic review of 27 studies found that quality improvement initiatives in hospitals had slower achievement and more limited maintenance of performance targets than in health centers, possibly owing to the complexity of the care provided, limited engagement of health providers, and high staff turnover.
16
The key maternal and neonatal outcomes assessed in the present study were broken down into 3-month windows. A striking characteristic of the analysis was the high degree of variability observed from one quarter to another. Such variation was detected not only among rare events, such as maternal mortality, but also among frequent outcomes, such as cesarean delivery. The observed fluctuations emphasized the importance of ongoing monitoring and evaluation activities at the programmatic level. The findings also highlighted the need for such data to inform clinical studies and implementation research, as key incidence and prevalence outcomes can change over time.
Few studies have reported on obstetric outcomes in an urban tertiary care hospital in Africa. The declines in maternal mortality recorded at UTH were consistent with cross-sectional surveys in Zambia. 17, 18 The reported maternal mortality ratio at UTH (215 per 100 000 live births) was lower than both the 2013-2014
Demographic and Health Survey (398 per 100 000 live births) 18 and the Global Burden of Disease Study (315 per 100 000 live births).
2
The accessibility of institutional delivery, coupled with low rates of home delivery in Lusaka, probably contributed to the lower estimate reported for UTH. At 6.0%, the rate of stillbirth in the present study was substantially higher than rates previously reported in Lusaka 25 ZEPRS faces problems with missing data. This deficit could lead to bias; however, these missing data were probably random (i.e. non-differential) suggesting that the longitudinal comparisons were sound. Third, the analysis focused only on health outcomes that could be objectively measured and easily ascertained.
Important conditions, such as preterm delivery and severe morbidities (e.g. "near misses") were not included owing to the inherent challenges to accurate diagnoses. Similarly, data on specific clinical practices could provide insight into the quality of care; however, such process indicators were not readily available. Fourth, the clinical care that precipitated or resulted from these health outcomes was not routinely described. Routine review of such process data could help to identify barriers to optimal care and to chart progress made in addressing them. 26 Finally, although there were several initiatives at UTH over the present study period, there were insufficient data about their timing or implementation to measure impact. Nevertheless, the analysis highlighted the potential of ZEPRS 
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